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Optimizing and integrating K-means and PSO algorithms for haplotype
reconstruction using SNP maker information
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Step2: Initialize a population of size N.
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Step3: Set iterative count Gen1=0.

Step4: Set iterative count Gen2 =0.

Step5: ((PSO Method)

Step5.1: Apply the PSO operator to update the N+k Particles.

Based upon PSO algorithm

Step5.2: Gen1=Genl1+1.if Gen1<8, go to Step 5.1.

Step6: (KM Method) For P,
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YWAF Lo ) o lols [ n233190 0590 [ 85 S5 -



https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.1.13.3
http://mg.genetics.ir/article-1-1474-en.html

[ Downloaded from mg.genetics.ir on 2025-12-16 |

[ DOR: 20.1001.1.20084439.1396.12.1.13.3 ]

..PSO gk-means (slawis 5951 34806 9 (55l ding

OLSas 5 oo 555556 ilaas

B AGC PAM K-Means L;Lzr;i)_,i!l L wuﬂ E) ACE o3l eK.iLi RIS g:,v.;};j QLG)U&‘ ). oslaie! Q).,\.: E) L: stL@,wZ:.g 6&&))@\ 6)L.AJL CJ’ -Y JJ,\>

PSO
%] = =
Pz 8 g 93 gz 8 g2 ¢ i
v o < & 2= $= 22 =2 « 0
0.998 0998 0948  0.99 0.994 1 0.999 1 0.1 0.25
0.952 0938 0941 0.924 0.94 1 0.9 0.997 0.2
0.814 0803 084 0.834 0.823 0.925 0.861 0.935 0.3
0.65 0.675 0.669 0.662  0.683 0.834 0.816 0.86 0.4
0977 0971 0965 0.965  0.972 0.995 0.98 0.997 0.1 0.5
0.898 0.886 0.883 0.883 0.9 0.985 0.915 0.985 0.2
0756 076  0.754 0.752 0.76 0.884 0.836 0.896 0.3
0.638  0.66 0.63 0655  0.663 0.86 0.803 0.865 0.4
0.885 0.898 0.893 0.883  0.925 0.958 0.928 0.983 0.1 0.75
0733 072 0758 0.774 0.75 0.899 0.793 0.882 0.2
0.669 0.692 0.677 0.696  0.726 0.854 0.76 0.862 0.3
0.628 0.619 0.605 0.635  0.645 0.828 0.717 0.842 0.4

S b lenin Lt slaga, S 0sasl Sl Jols b
Daly 5 SIM50 SIMO ACE o3ls LgLAeKiLs S Jol laesls
L{M@@L}}\bdmj&}@m;&slbdmyp
Sl Sl Jeole S b s sl OLES i85 SAeSILI Sl ealic

Ales oo alin s o5 S
S 3y e pyae [ Sde Jslhr bl f saame )
o S e b 3 Shas Sl ool slagn ;S
bl s Sole 4 Liles g Sls 3,55 5 alia 6“&1)){”
Al 3l e el gl slani 5 Sl eslinal b o shls

el alie 3 50 glae ;S
oslizal a3ly 5 (giluand glosls sLelL 5l ol axdlas )3
Ol bl Laesls (gsluas (glosls L;LMK.“:L“. BERS
o Lledd Gluand ool 5 ok skl s call
S sl Aoy peluly el GlalL ol (s ol
Cir K el dop 4 Ll LS5 K5 e
Golwand &5 (K55 gl Gl des) Gkl
sal s bl 53 Al s Je sl A S e
£ @l 53) 3,00 5y SIMO ool oY > SNP lelss S
Ll - (-Lo.? R ELETL VI (LI R I al.<.3b ol s esleans
el MYl WOl sade 350 Ll DK oS

ool s i shla 93 LU Sl e oS ol b 3 oyl

e 5l sl LS 5T s e eals Slaslly s
‘_;La@; 9/ s Ve /Y o/ glas 6“@3) 3,13 54 g ot
S3besl 5 Joos el (iluenly (VO 5 2/0 /YO o e
0L o st (o5 Sledbl 3l aslinal OISl L) e shls
el ml (ol 5ol el Matlab201la . s4el 5
Zhang et al. ) K-Means (slaqz ) sS31 b (salgniy glans s ,S)
aude gduad = (Moeinzadeh et al. 2007) 'PAM (2007
PSO  (Asgarian et al. 2007) (AGC) "ol o b 3l

31 sl gslgniy IPSOKM il 5 s oS 5 oS o
Corer 4 wlliadpn D)o a5 (3131 slad 5 00 Coner
Cogot byull 4k A w8 S my ud Gl
i, b oamlie @y AE 53 WE08 5 C=C,=0.7
A slaesly S g s LT sl il s il
A Sl s Ll o da @S e i S35 Gl e
R VR S R P e T
sl cpl ledd L1V B Y Jlin s 65 2 w5 S Sl

! Partitioning Around Medoids
2 Agglomerative


https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.1.13.3
http://mg.genetics.ir/article-1-1474-en.html

ALSas 5 oo 555556 ilaas

..PSO gk-means (sl 3451 386 9 (53l dug

Uas &5 8 gl 55 ACE a3l asls olL 55 wls 32 5 03
cilime DS 5 pled (gl 6gas AN S 3) Kped A woji g
askad Yo (g a5 (Rieder 1999) 5y0s s g5 (0,0 5 e
x4 by 53 s SNP WKL oY Jb LSNP

Ca.a.::‘b.))}) &Lé.t %‘}&L&h

wlin slal & sow SIMB0 esls oL 5 SNP leks
oY Jsb a4 bl i Ve i) s e s s -
Copotr (Silwand F il 4 ax g L os SNP WKL
G50 VY s S e ) e NE e S el

¢Mop}b6ucfmvjb)>ﬁdaubf&5

[ Downloaded from mg.genetics.ir on 2025-12-16 |

[ DOR: 20.1001.1.20084439.1396.12.1.13.3 ]

US 3 e Mg e g S shls i a3 SNP aaks Yo

L g5 ol o3 e o i 5 e slag S L 4 VY

3 AGC PAM K-Means slapz, S L avslis 5 SIMO o3ls oL (555 » o3 DMl 51 eslinad 05 5 b solgniny glapn ;5830 g5lasl Er-t dsax

PSO
. vt 527 s g 3 gt ¢
0.996 0.996 0.996 0.981 0.99 0.999 0.993 0.999 0.1 0.25
0.965 0.965 0.965 0.937 0.938 0.952 0.939 0.972 0.2
0.849 0.846 0.864 0.819 0.821 0.9 0.853 0.951 0.3
0.618 0.601 0.607 0.576 0.652 0.805 0.719 0.862 0.4
0.9884 0.989 0.989 0.955 0.981 0.99 0.986 0.995 0.1 0.5
0.919 0.916 0.911 0.861 0.912 0.95 0.926 0.986 0.2
0.7524 0.752 0.701 0.754 0.775 0.81 0.793 0.864 0.3
0.5556 0.58 0.587 0.569 0.638 0.75 0.709 0.793 0.4
0.9022 0.885 0.913 0.851 0.901 0.935 0.921 0.941 0.1 0.75
0.6955 0.686 0.799 0.73 0.741 0.8 0.764 0.856 0.2
0.6266 0.643 0.646 0.617 0.661 0.71 0.693 0.763 0.3
0.5445 0.528 0.542 0.562 0.571 0.654 0.599 0.704 0.4

AGC PAM K-Means slsaz ; S L alis 5 SIMS0 o3l oGl (655 i3 oDl 5l oslizad 05y 5 b algnd lapi )5S (553l 5 =0 Jsir

PSO ,
:o: 8 g 8 g8 i g i
: & = B ex gE =2 & : ¢

0999 0999 0999  0.991 0.999 1 1 1 0.1 0.25

0.952 0.938 0.96 0.94 0.938 0.992 0.957 0.996 0.2

0.817 0.786 0.824 0.819 0.786 0.94 0.85 0.948 03

0.651 0.654  0.622 0.663 0.654 0.806 0.739 0.828 0.4

09778 0975 0977  0.964 0.978 0.998 0.983 1 0.1 0.5

0.91 0.884  0.884 0.904 0.882 0.963 0.905 0.976 0.2

0.7673 0.75 0.75 0.782 0.751 0.864 0.821 0.914 0.3

06395 0642 0642 0621 0.638 0.814 0.699 0.816 0.4

0.9066 0.88 0.88 0.873 0.905 952 0.923 989 0.1 0.75

07433  0.737 0.737 0.755 0.744 0.872 0.784 0.883 0.2

06776 0675  0.675 0.669 0.692 0.833 0.763 0.843 0.3

06101 0606  0.606 0595 0.62 0.777 0.687 0.785 0.4

VA2 5lea 1Y o Lo [ 203198 0,90 [ (1 85 Susis -


https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.1.13.3
http://mg.genetics.ir/article-1-1474-en.html

[ Downloaded from mg.genetics.ir on 2025-12-16 |

[ DOR: 20.1001.1.20084439.1396.12.1.13.3 ]

..PSO gk-means (slawis 5951 34806 9 (55l ding

OLSas 5 oo 555556 ilaas

5 AGC PAM K-Means lapz )58 b aglio 5 Daly o3ls olKL (s5) i 55 Sledbl 5l aslinnd 050 5 L galening slaen, S s5lesb &5 =1 Jsar

PSO
oz 8 g B gz B g f i
o o < o £= == 22 2 o <
0999 0999 0978 0997 0.999 1 1 1 0.1 0.25
099 0989 0933 0974 0.989 0.999 0.991 0.999 0.2
0928 0902 0836 0897 0.901 0.984 0.942 0.993 03
0720 072 0713 0726 0.721 0.888 0.787 0.901 0.4
0997 0996 0982 0985 0.996 0.999 0.998 0.999 0.1 0.5
0971 0961 0939 0945 0.96 0.993 0.975 0.998 0.2
0853 0832 0818 0837 0.832 0.94 0.863 0.97 03
0.693 0.7 0685  0.695 0.7 0.882 0.751 0.884 0.4
0973 0963 095 0941 0.965 0.98 0.981 0.997 0.1 0.75
0888 0867 0863 0869 0.87 0.936 0.896 0.976 0.2
0.762 0766  0.752  0.764 0.769 0.891 0.803 0.913 03
0.657 0663 0651  0.66 0.665 0.873 0.727 0.878 0.4
IS S s Sss 2 &) DCP1 o35 JIg coslg Rieder (1999)

S5 Dlllae s age Dl 5l SO sl s5lsl
53 Sl per Pl 5 S g5 ) e el
ol 53 s S slac e 1l 5 ol Sl s 039
S 85 e s b shla gl A el plil as
3 Sl s Gla b, Go b 3 it Do oL
L Bokos Lo shls Sledbl 2l sl (ol by ool 338 5 5
sl sy S5 SNP wlakss 5 i85 Sledbl 51 eslanal
03 g o S 55 ol anlllas 53 550 el Slls
st meas il e elal i shls 5lasl )z
K-Means o, Sl 51 Al (IKM) J5l o, S0l il
il S sl p-:-i),jiﬂ ol o s ol ol bl
s L pd e Sl ol Ll i Ll S e ol
3148 ol a8l 350 S5 02055 S 5 IPSOKM) s
-ay bl 5l el ety K-Means 5 PSO oz, 801 53 olesl
ol y3a 0SS Ot Sl i85 Dledbl 03550 s
Sl i Ll S 5 5 Dbl Sl
ot gy e (slagn 831 a8 sl Ol s eslind
sesera sl c3s (IPSOKM .S 5 p;-l)ji-” o5 94)
s oo Gl et sbay e 5 et s Ll 5 s

Ol pesdle S gl 3 3N 3y (ls JLEYY ey5ses S
LS 1y il & Kss e ol Kl i oS plagS 5
5 3503 gl Goskle s A WOl 4 31 e IS
Vo dped o 5laulg 5 S 4y G VY el plaS 2
S C/E 5 F /Y o) st = 5 il glaasl 5 L SNP
o33 L 3 el bl (V05 +/0 /YO) bjim 5
{w,;) 4 a5 VYA ce)&i}j&}éj}ﬁd‘ﬁ Daly _3l5
sy 3 (i 5 s bl plas (gl el VOV
Jsb LSNP aslad £+ (4ises ,a > .(Daly and Rioux 2001)
skl Cir 4 base Cs5 s SNP WKL A4 LAY
obew s Daly and Rioux (2001) .cuils 395 ¢ sl
Condge 53 45) OO3L pss5ms,S shla sltle (65, Ao
Lol pae 3l amer 03 (515 L3 ps35e5,S o0l 51 500kb
Lozils jaseial Pl dor oS placsshle e sl &)
ity D5 O Sl e LT e diS el 585
ozl esls oL ol 1y Lo shle ab 5 1liS LS 1,
S ol 53 L3S 4 €ped VY Ol 51l a5l s sl
/Y o) et g il gla eyl LSNP £ wisal e

03 500 sl (V0 5 4/0 4/Y0) 0 i 5 5 (46 50 /Y


https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.1.13.3
http://mg.genetics.ir/article-1-1474-en.html

[ Downloaded from mg.genetics.ir on 2025-12-16 |

[ DOR: 20.1001.1.20084439.1396.12.1.13.3 ]

ALSas 5 oo 555556 ilaas

..PSO gk-means (sl 3451 386 9 (53l dug

&lw

Alimoti P, Kann V (1997) Hardness of approximation
problems on cubic graph. In :Proceedings of third Italian
Conference on Algorithms and Complexity (CIAC'97),
Italy, Rome, 288-298.

Asgarian E, Moeinzadeh MH, Najafi A, Sharifian S,
Habibi J, Mohammadzadeh J (2007) Solving MEC and
MEC/GI Problem Models Using Information Fusion and
Multiple Classifiers. In: Proceedings of 4th IEEE
International Conference on Innovations in Information
Technology (Innovations'07). United Arab Emirates,
Dubai, 397-401.

Bafna V, Halldorsson B, Schwartz R (2003) Haplotypes
and informative SNP selection algorithms: don't block out
information, In: Proceedings of The Seventh Annual
International Conference on Research in Computational
Molecular Biology (RECOMB). USA, New York, 19-27.
Bafna V, Istrail S, Lancia G, Rizzi R (2005) Polynomial
and APX-hard cases of the individual haplotyping
problem. Theoretical Computer Science 335:109-125.
Bonizzoni P, Vedova GD, Dondi R, Li J (2003) The
haplotyping problem: an overview of computational
models and solutions. Journal of Computer Science and
Technology 18:675-688.

Chakravarti A (1998) It’s raining, hallelujah? Nature
Genetics 19:216-217.

Cilibrasi R, lersel LV, Kelk S, Tromp J (2005) On the
complexity of several haplotypeing problems. In:
Proceedings of 5th International Workshop on Algorithms
in Bioinformatics (WABI). Spain, Mallorca, 128-139.
Clark AG (1990) Inference of haplotypes from PCR-
amplified samples of diploid populations, Molecular
Biology and Evolution 7:111-122.

Daly MJ, Rioux JD, Schaffner SF (2001) High-resolution
Haplotype structure in the Human genome. Nature
Genetics 29:229-232.

Gusfield D (2001) Inference of haplotypes from samples
of diploid populations: Complexity and algorithms.
Journal of Computational Biology 8:305-323.

Gusfield D (2003) Haplotyping by pure parsimony. In:
Proceedings of the 14th Symposium on Combinatorial
Pattern Matching (CPM). Mexico, Morelia, 144-155.
Huffner F (2005) Algorithm engineering for optimal graph
bipartization. In: Proceedings of the 4th International
Workshop of Efficient and Experimental Algorithms
(WEA). Greece, Santorini Island, 240-252.

Kennedy J, Eberhart R (1995) Particle swarm
optimization. In: Proceedings of IEEE International
Conference on Neural Networks 4:1942-1948.

6;‘}-<*“L:.*‘
oS s Ql;‘_;)KAA)'lJ;JlAL;crjy%"‘ﬂdﬁﬁf

5 (www.avidbiotech.com) Jsl oL (gské s 0L,

Lancia G, Bafna V, Istrail S (2001) SNP problems
complexity and algorithms. In: auf der Heide FM (Ed.),
Algorithms-ESA. Springer, Berlin, 182-193.

Moeinzadeh MH, Asgarian E, Najafi-Ardabili A,
Sharifian-R S, Sheikhaei MS, Mohammadzadeh J (2007)
Three Heuristic Clustering Methods for Haplotype
Reconstruction Problem with Genotype Information. In:
Proceedings of 4th IEEE International Conference on
Innovations in Information Technology (Innovations'07).
United Arab Emirates, Dubai, 402-406.

Patil N, Berno AJ, Hinds DA (2001) Blocks of limited
haplotype diversity revealed by high-resolution scanning
of human chromosome 21. Science 294:1719-1723.

Qian W,, Yang Y, Yang N, Li C (2008) Particle swarm
optimization for SNP haplotype reconstruction problem.
Applied Mathematics and Computation 196:266-272.

Reed B, Smith K, Vetta A (2004) Finding odd cycle
transversals. Operations Research Letters 32:299-301.
Rieder MJ, Taylor SL, Clark AG, Nickerson DA (1999)
Sequence variation in the human angiotensin converting
enzyme. Nature Genetics 22:59-62.

VanRaden PM, Olson KM, Null DJ, Hutchison JL (2011)
Harmful recessive effects on fertility detected by absence
of homozygous haplotypes. Journal of Dairy Science
94:6153-6161.

Wang K, Huang L, Zhou CG, Pang W (2003) Particle
swarm optimization for traveling salesman problem. In:
Proceedings of the Second International Conference on
Machine Learning and Cybernetics. China, Xi'an, 1583-
1585.

Wang Y, Feng E, Wang R (2007) A clustering algorithm
based on two distance functions for MEC model.
Computational Biology and Chemistry 31:148-150.

Zhang XS, W.ang RS, Wu LY, Zhang W (2006) Minimum
Conflict Individual Haplotyping from SNP Fragments and
Related  Genotype. Evolutionary  Bioinformatics
Online 2:261-270.

Zhang Y, Rajapakse J (2009) Machine Learning in
bioinformatics. John Wily and Sons, New Jersey, USA,
462.

Zhao Y, Xu Y, Zhang Q, Chen G (2007) An overview of
the haplotype problems and algorithms. Frontiers of
Computer Science in China 1:272-282.

Zhao YY, Wu LY, Zhang JH, Wang RS, Zhang XS (2005)
Haplotype assembly from aligned weighted SNP
fragments. Computational Biology and Chemistry 29:281-
287.

VA2 5lea 1Y o Lo [ 203198 0,90 [ (1 85 Susis -



http://www.santorini.gr/
https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.1.13.3
http://mg.genetics.ir/article-1-1474-en.html
http://www.tcpdf.org

